In many types of plant physiological research, accurate determinations of the physico-chemical properties of expressed plant saps are important. In undertaking such determinations, however, the technical methods of collecting and treating the samples and of expressing the saps have not always been judiciously chosen to meet the requirements of the investigation. Such methods have sometimes been followed according to blind prescription with little or no regard for the limitations imposed upon them by the physiology or anatomy of the tissues. The following comments upon the technique of such determinations, and the attempted critical evaluation of the more generally used methods are based upon the experience gained in an extended investigation upon the physical and chemical properties of expressed leaf saps. The discussion in this paper refers primarily, therefore, to leaves and leaf saps.
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The earliest investigators of the properties of expressed plant tissue fluids carried out their determinations upon saps expressed from living, untreated tissues. ANDRP (1) appears to have been the first to observe that fractions of sap successively expressed from an untreated leaf sample showed progressively increasing concentrations of solutes as measured by the depression of the freezing point.
DIXON and ATKINS (2) obtained results similar to those of ANDRP when they expressed sap from untreated plant tissues. They explained the progressive increase in the osmotic concentrations of successively expressed fractions of sap by assuming that a larger number of cells burst at the higher pressures, thus permitting solutes to escape to which the protoplasmic membranes of the unbroken cells at the low pressures were impermeable.
Since this differential expression of sap from untreated tissues makes it practically impossible to express from them representative samples of sap, DIXON and ATKINS introduced the method of freezing the leaves in liquid air before subjecting them to pressure. They presented data to show that the successively expressed fractions of sap from a leaf sample frozen in liquid air did not differ materially in osmotic value. They also found that the volume of sap expressed from frozen leaves was larger than could be expressed from unfrozen leaves, and was freer from debris.
GORTNER and HARRIS (5), also principally interested in determinations of the osmotic values of expressed plant tissue fluids, substituted the ice-salt bath as a more universally available mode of freezing. In this method the tissues to be frozen are placed in a glass tube of suitable size, which is then stoppered and immersed in an ice-salt bath in which a temperature of -150 C. to -200 C. is usually maintained. The usual field precautions to be observed with this freezing method are discussed by its originators. A number of other investigators have employed this method.
GORTNER, LAWRENCE, and HARRIS (6) checked the conclusion of DIXON and ATKINS that the concentration of solutes in samples of sap successively expressed from unfrozen leaf samples showed a progressive increase. They expressed the sap from untreated leaf samples from a number of species of plants and found some in which successively expressed portions of the sap showed decreasing concentrations of solutes, and others in which all of the fractions of expressed sap showed approximately the same concentrations of solutes. Although their results deviate from those obtained by DIXON and ATKINS, they do not invalidate the principle that sap samples expressed from unfrozen tissues cannot be taken as representative of the conditions existing in the tissue from which they have been exposed.
Methods of freezing leaf samples in solid carbon dioxide have been employed by HARVEY (7), LEWIS and TUTTLE (10), MEYER (11) , and others. GAIL (3) ground the leaves of western conifers through a fine meat grinder before expressing the sap. Some samples were also frozen but GAIL reported that there was little difference between the osmotic value of the samples merely ground, and those which were both ground and frozen.
NEWTON, BROWN, and MAITIN (12) have recently described a method of (finely grinding plant tissues and expressing the fluids at low pressure which they believe results in the expression of a sap which represents substantially the composition of the original tissue fluids. All operations were carried out at a temperature close to 00 C. Since the object of this method is to obtain the cell contents in as nearly unchanged conditions as possible, freezing of the tissue is not permissible because of its known precipitating effect upon proteins. This method promises to prove of value and general application in indicating the distribution of any constituent of plant tissues between the physiologically active and the inert portions of the tissues. GOLDSMITH and SMITH (4) appear to have been the first to rely upon the method of treating leaf samples with a toxic vapor in an extensive investigation of the physico-chemical properties of plant saps. In a recent investigation they used chloroform vapor treatments upon the leaves of the Engelmann spruce (Picea engelmanni) with apparently satisfactory results. The leaves were exposed to the vapor for thirty-six hours before the saps were expressed, the investigators relying upon refrigeration during this period to prevent any appreciable enzyme action. Freezing point depressions obtained with saps expressed after this treatment were corrected for the solubility of chloroform in water. This method was checked against the ice-salt freezing method for leaves in the summer condition and excellent agreement found in the results, but apparently it was not checked against other methods while the leaves were in the winter condition. The subsequent discussion in this paper shows that such a check would have been desirable. However, there is no indication in the results obtained that this method is not effective with winter-hardened leaf tissues.
During the past several years the writer has made a number of comparative studies of the effects of several methods of treating leaf samples upon the amount of sap which can be expressed from them and the osmotic value of the sap. Parallel series of determinations were made at different seasons for the leaves of several evergreens in the living condition, after freezing in an ice-salt bath, after freezing in solid carbon dioxide, and after grinding to a shredded pulp. Table I records the results of a representative series of determinations upon the 1927 leaves of the pitch pine (Pinus rigida). Similar results were obtained in every other series of determinations made. An analysis of these data brings out a number of facts which are pertinent to the present discussion. The water content of the leaves was 4.7 per cent. higher in August than in January, a fact which may be expected to have a minor influence on the volumes of sap which could be expressed.
In the summer approximately the same volumes of sap could be expressed from samples frozen in an ice-salt bath, from samples frozen in solid carbon dioxide, and from samples shredded through a meat grinder. A much larger volume of sap could be expressed from all the treated samples than from the untreated sample.
The summer osmotic value of the sap expressed from the ground sample was about three atmospheres higher than the osmotic value of the sap expressed from either of the frozen samples, which checked closely with each other. A much higher osmotic value was obtained with all the treated samples than with the untreated sample. The higher value shown by the sap from the ground sample was perhaps due to the favorable conditions for o'dations and other chemical changes which probably occur in the tissues quring and immediately following the grinding process. 0 In the winter, only from the sample frozen in solid carbon dioxide was a volume of sap expressed which compared with the volumes expressed during the summer from all the treated samples. The volume of sap expressed from leaves frozen in an ice-salt bath was of the same order of magnitude as the volume expressed from the untreated leaves. The volume expressed from the ground leaves was distinctly smaller than the volume expressed from leaf samples frozen in solid carbon dioxide.
The winter osmotic value of the sap expressed from the leaves frozen in an ice-salt bath was not appreciably different from that of the sap expressed from unfrozen leaves. The sap expressed from the leaf sample frozen in solid -carbon dioxide showed a much higher value, and that expressed from the ground leaf tissue was still higher, but the last two values were obviously of the same order of magnitude.
It is believed that the difference between the results obtained with leaves in the summer condition, and the results obtained with leaves in the winter condition is-due principally to an increase in the amount of "bound water" in the leaf tissues during the winter months. In a previous paper (11) , the probable relationship between seasonal variations in the bound water content, and seasonal variations in the hydrophilic colloid content of the leaves of this species has been indicated. During the summer months it appears that only a relatively small amount of the water present in the tissues of pitch pine leaves is bound. The methods of freezing in an icesalt bath, freezing in solid carbon dioxide, or grinding, are therefore all effective in increasing membrane permeability, presumably through disorganization of the protoplasm, and thus permit the expression of a representative sample of sap.
During the winter months, however, a relatively large proportion of the water present in the tissues apparently is in the bound condition. The icesalt freezing method does not have a drastic enough effect upon the tissues to permit the expression of a representative sample of sap. Presumably this is because the molecular forces binding the water are of sufficient magnitude to prevent the occurrence of any appreciable amount of crystallization of water in the tissues. At this temperature, according to all present conceptions of the mechanism of ice crystallization in plant tissues, crystals ordinarily form only in the intercellular spaces, withdrawing water from the cells as they elongate. The sap expressed is therefore similar in amount and properties to that expressed from untreated leaves.
At the temperature of solid carbon dioxide (;-80' C., and lower), the forces of crystallization are undoubtedly of sufficient magnitude to overcome the molecular forces binding water. Leaves are usually frozen solid by this treatment, indicating that most of the water present in the tissues freezes within -the cells. The result of this treatment is that representative samples of sap can be expressed under pressure.
The grinding treatment also permits the expression of representative samples of sap at all seasons of the year. The effectiveness of this treatment is apparently due to the disruption of the physical relationship existing between the bound water and the tissues, through the bruising and tearing action which the grinding process exerts on them.
The writer (11) has already called attention to the discrepancy between the results obtained by GAIL (3) and those obtained by KORSTIAN (9) in their investigations of the winter osmotic values of the expressed leaf saps of certain western evergreens. The divergent results obtained by these two investigators are apparently due to different methods of treating the leaf samples. KORSTIAN froze the leaves in an ice-salt bath while GAIL, as has already been noted, used what was essentially a grinding treatment.
The demonstrated and theoretically expected limitation of the ice-salt freezing method to unhardened tissues makes it desirable that a field method be devised which is not subject to such a limitation. The liquid air freezing method, vapor treatment methods, and grinding method are difficult to adapt to ordinary field conditions. Neither is the spraying method of freezing with solid carbon dioxide, as usually employed, feasible in the field.
Recent developments in the commercial production of solid carbon dioxide2 have permitted the development of a field method of freezing leaf samples with solid carbon dioxide which will be briefly described.
The solid carbon dioxide must first be reduced to fragments varying up to the size of a small marble. These crushed fragments are poured into an insulated container3 until a layer about one inch in thickness is deposited 2 Solid earbon dioxide is manufactured and sold by the Dry Ice Corporation of America, New York and Chicago, under the trade name of "IDry-Ice. In 3Stanley "Super-Vae" Food Jars (all steel) in the quart size have been found to be very serviceable for this purpose. Leaves are thrust as rapidly as collected into a glass tube of the same size as the one inserted into the jar. When filled the tube is stoppered and substituted for the empty tube in the jar. This particular procedure is necessary because the solid carbon dioxide so rapidly becomes compacted in the jar, that it becomes practically impossible to dislodge the individual particles sufficiently to force the collecting tube into the mass of solid carbon dioxide. The solid carbon dioxide slowly disappears by sublimation, but usually a sufficient amount remains in the jar to keep the leaf samples frozen for about 24 hours.
There is no reason to believe that the method of freezing leaf samples in liquid air as first employed by DIXON and ATKINS will lead to results for sap determinations which are markedly different from those obtained with the carbon dioxide freezing treatment. Although the writer has not had the experimental opportunity to confirm this statement, comparative data from HARVEY (7) support it. For hardened cabbage leaves HARVEY recorded a difference of only 2.3 atmospheres in osmotic value between sap samples expressed after these two treatments. For unhardened cabbage leaves he recorded a difference of 1.7 atmospheres.
KNUDSON and GINSBERG (8) found no appreciable differences in the osmotic values of the saps expressed from two samples of the leaves of an unhardened greenhouse plant, Iresine herbstii, one frozen in an ice-salt bath, the other in liquid air. HARVEY recorded an osmotic value about 6.5 atmospheres higher for saps expressed from unhardened cabbage leaves after freezing in liquid air than for saps expressed from unhardened cabbage leaves frozen at -5°C. It is probable, however, that -50 C. is not a low enough temperature to have an effect on unhardened cabbage )eaves comparable with the effect -of an ice-salt bath on the leaves of Iresine.
The press diagrammed in text figure 1 was devised especially for the expression of leaf saps, and has been found in practice to give excellent service for this purpose. This press involves certain principles in design which apparently have not been previously employed, and has some advantages over other styles of presses in common use. The principal parts are the piston A, and the cylinder B, which were turned from steel and ground to fit within 0.001 inch. The dimensions are shown in the figure. The groove a cut around the inside wall of the cylinder one inch from the top is designed to prevent the upward movement of sap past that point. The groove b, cut around the base of the cylinder, adjacent to the vertical wall, is designed to collect the sap and feed it to the two delivery tubes, cc, on opposite sides of the cylinder. These tubes are made of brass and threaded into place so they can easily be removed for cleaning. An important auxiliary part of this press is the metal disk C. On the lower side of this disk are eight equally spaced radiating grooves. Six one-sixteenth inch holes, spaced at equal intervals, were drilled through the metal disk into each groove. The removal of both the piston and the disk from the cylinder is facilitated by means of the metal handles, D and E, which screw into place.
By employing the metal disk described above it is possible to dispense with the use of cloth for wrapping the leaf samples. It is only necessary to place two or three disks of linen cloth, cut to fit the circumference of the cylinder snugly, on top of the metal disk in the bottom of the cylinder. The leaf sample is then placed directly on top of the cloth disks. In fact, when leaves containing considerable amounts of ligneous tissues are used, there is no need even for the disks of cloth.
This press has given satisfactory results for the expression of leaf fluids from a variety of plants. It is convenient in that it is readily handled and easily cleaned. A press of the dimensions shown in text figure 1 will accommodate leaf samples weighing up to 100 grams. Presses of this design may, of course, be built of any convenient size or, if deemed advisable, other metals than steel could be employed in their construction.
Following the suggestion of KNUDSON and GINSBERG (8) the writer has employed a materials testing machine as a source of known pressure for use with this press, with entirely satisfactory results. In packing the press it is necessary to avoid any bunching or wadding of the leaf sample. Unless the leaves are evenly distributed throughout the press cylinder, bunched portions of the sample will be subjected to a greater pressure than the more loosely packed portions. In careful work such an unequal distribution of pressure must be reduced to a minimum. It is necessary to allow the press to drain for several minutes after the maximum pressure to be employed has been reached. The most satisfactory results appear to be attained when the pressure is applied just rapidly enough to cause the expressed sap to trickle slowly from the delivery tubes.
The magnitude of the pressure used will have an effect upon the properties of the expressed sap. KNUDSON and GINSBERG (8) have shown that there is an important difference between the osmotic value of saps expressed from the leaves of Iresine herbstii at a pressure of 10,000 pounds and those expressed at a pressure of 50,000 pounds, both for samples frozen in liquid air and for samples frozen in an ice-salt bath. The pressure employed should depend upon the structural character of the plant organ, and upon the purpose for which the expressed fluid is to be used.
It is highly desirable that, before investigations involving determinations of the physico-chemical properties of expressed plant saps are undertaken, preliminary studies should first be conducted to determine the most suitable method of treating the tissue, and the proper magnitude of the pressure to be applied. Papers reporting the results of any such investigation should include the following information: water content of the tissue, exact treatment and method of handling the tissue, magnitude of the pressure employed, and the volume of sap expressed as a percentage of the fresh weight or water content of the tissue. Only with such information available can the reader reconstruct for himself a reasonably accurate picture of the exact effects of the treatment and pressure upon the tissue, and only if such information be supplied can the determinations be duplicated. Summary 1. A summary of the more important methods which have been used in the treatment of leaves before the expression of leaf saps is presented. The discussion attempts to evaluate these methods with especial regard to the limitations and advantages of each.
2. A field method of freezing leaf samples in solid carbon dioxide is described.
3. Details are given for the construction of a press which embodies certain principles in design which do not appear to have been previously used. This type of press has been found to give satisfactory results for the expression of saps from the leaves of a variety of species of plants.
